Background {#s1}
==========

Although considerable progress has been made in trauma resuscitation methods, traumatic hemorrhage due to severe coagulopathy remains a major cause of mortality in patients with trauma.[@R1] Critical hypofibrinogenemia occurs early during major blood loss and causes a bleeding tendency with uncontrollable oozing at multiple injury sites. Fibrinogen, the final substrate of coagulation and the ligand of platelet glycoprotein (GP)IIb/IIIa receptors, plays a key role in clot formation. As fibrinogen is the first coagulation factor to fall below a critical value during massive bleeding and hemodilution,[@R2] it seems plausible that it should be the first protein to be supplied to patients with trauma. A prospective observational study reported that the fibrinogen level at presentation is an independent predictor of mortality for patients with trauma.[@R3] Early clinical data suggest that fibrinogen supplementation, as part of an algorithm for hemostatic therapy based on point-of-care-guided coagulation factor concentrates, improves outcomes for traumatic hemorrhage by improving clot strength and reducing blood loss, thereby increasing survival.[@R4]

Conventional approaches for patients with trauma with massive hemorrhage, including damage control resuscitation using blood component therapy, have been shown to result in persistent coagulopathy, bleeding, and poor outcomes.[@R5] There is an increasing number of reports describing the limitations of fresh frozen plasma (FFP) for treating ongoing severe hypofibrinogenemia in various clinical settings, including critically injured patients with trauma.[@R6] However, FFP is the only treatment currently available for acquired hypofibrinogenemia in Japan. Cryoprecipitate is not generally supplied by the Japanese Red Cross, and a purified fibrinogen concentrate derived from pooled human plasma (Fibrinogen HT; Japan Blood Products Organization, Tokyo, Japan) is available for use only in patients with congenital fibrinogen deficiency in Japan. Fibrinogen concentrate shows significant effects on the recovery of plasma fibrinogen levels and subsequent hemostasis in both hereditary and acquired hypofibrinogenemic states,[@R7] including trauma-induced coagulopathy.[@R8] [@R9] Analysis of decades of pharmacovigilance data shows a promising safety profile for fibrinogen concentrate,[@R10] and off-label use has occurred in aortic replacement surgery,[@R11] massive obstetric hemorrhage, and severe trauma in Japan.

The aim of this study was to examine the effects of pre-emptive treatment with fibrinogen concentrate on the transfusion volume and prognosis for survival of patients with trauma.

Patients and methods {#s2}
====================

More than 500 patients with blunt-end trauma, principally from traffic accidents and falls, are admitted to the Center of Emergency and Critical Care Medicine, Saitama Medical Center, every year. Trauma severity is measured with the Injury Severity Score (ISS) scale, which ranges from 0 to 75.

In this single-center retrospective cohort study, we retrospectively analyzed transfusion volumes and survival outcomes of patients with trauma over three 12-month periods. During these periods, fibrinogen levels were measured by the Clauss method in the central laboratory of our hospital. Patients with trauma received crystalloid and blood transfusion products, including FFP, according to the transfusion protocol in our emergency medical center and 1--2 g of tranexamic acid was administered, as appropriate. Our modes of resuscitation remained basically unchanged over the 3-year period. The off-label use of fibrinogen concentrate for patients with trauma began in August 2012 after approval by the Institutional Review Board of our hospital. This study also complied with the Declaration of Helsinki.

For the purpose of this study, patients were divided into three groups spanning three consecutive time periods for analysis: Group A, no administration of fibrinogen concentrate (n=476; August 2011 to July 2012); Group B, administration of 3 g of fibrinogen concentrate (Fibrinogen HT; Tokyo, Japan) after evaluation of trauma severity when plasma fibrinogen levels \<1.5 g/L (n=560; April 2013 to March 2014); and Group C, pre-emptive administration of 3 g of fibrinogen concentrate on arrival at our hospital, based on prehospital information, including high-severity injury and features of hemorrhagic shock, or the assessed need for massive transfusion, before measurement of fibrinogen levels (n=566; April 2014 to March 2015). In order to determine whether pre-emptive treatment with fibrinogen concentrate contributes to better outcomes for patients with trauma, we compared fibrinogen levels, blood transfusion volumes, and the prognosis for survival between these three groups.

Differences in patient characteristics and in the plasma fibrinogen levels before and after administration of fibrinogen concentrate between groups B and C were evaluated using the unpaired t-test. The 30-day survival curves were analyzed in all patients and in patients with an ISS ≥26 (excluding patients with cardiopulmonary arrest) in each group by Gehan-Breslow-Wilcoxon tests and the Kaplan-Meier method. A univariate analysis with Pearson\'s χ^2^ test was used to assess any differences between groups in the mortality within 48 hours of hospital arrival. Statistical significance was set at p\<0.05.

Results {#s3}
=======

The characteristics of the patients (n=1602) in the three groups are shown in [table 1](#TSACO2016000037TB1){ref-type="table"}. Of the patients with trauma managed at our hospital, 50--57% had an ISS between 0 and 15; 23--27% had an ISS between 16 and 25; 16--18% had an ISS between 26 and 40; and 4--6% had an ISS \>40. There were no significant differences in age; ISS; the number of patients who received more than 10 units of red blood cell concentrate (RBC) transfusion; and the transfusion volumes of RBC, FFP, or platelet concentrate (PC) between the three groups ([table 1](#TSACO2016000037TB1){ref-type="table"}).

###### 

Patient characteristics in each group

                                            Group A     Group B     Group C     Significance
  ----------------------------------------- ----------- ----------- ----------- --------------
  Patients (n)                              476         560         566         
  Age (years)                               48±23.7     49±24       49±23.7     N.S.
  ISS                                       16.8±12.5   15.3±11.5   16.8±11.8   N.S.
   ISS 0--15 (n)                            248         319         282         
   ISS 16--25 (n)                           123         127         155         
   ISS 26--40 (n)                           76          92          101         
   ISS 41-- (n)                             29          22          27          
  Patients with RBC transfusion (n)         104         115         114         N.S.
  Patients with RBC ≥10 U transfusion (n)   44          44          59          N.S.
  Transfusion units of RBC (n)              11.0±11.1   10.5±10.5   13.2±13.9   N.S.
  Transfusion units of FFP (n)              13.5±11.3   12.0±10.2   15.7±15.4   N.S.
  Transfusion units of PC (n)               24.6±12.3   22.4±7.9    24.7±11.9   N.S.
  Patients treated with FC (n)              0           30          35          N.S.

The data are presented as the number (n) or the mean±SD.

FC, fibrinogen concentrate; FFP, fresh frozen plasma; ISS, Injury severity score; N.S., not significant at a level of p ≥0.05; PC, platelet concentrate; RBC, red blood cell concentrate.

[Figure 1](#TSACO2016000037F1){ref-type="fig"}A shows the fibrinogen levels of patients with trauma with an ISS ≥26 and transfused with RBC ≥10 units, on arrival at our hospital for groups A to C. Approximately 56% of patients showed hypofibrinogenemia (defined as a fibrinogen level 1.0--1.5 g/L) and 26% had critical hypofibrinogenemia (defined as a fibrinogen level \<1.0 g/L). We observed no significant differences between the groups in terms of the number of patients with hypofibrinogenemia or critical hypofibrinogenemia. In addition, no significant differences in fibrinogen levels measured before administration of fibrinogen concentrate were detected between groups B (n=30) and C (n=35) ([figure 1](#TSACO2016000037F1){ref-type="fig"}B). However, patients who received fibrinogen concentrate in group C showed significantly higher fibrinogen levels after treatment with this agent than those in group B (2.41 g/L vs 1.88 g/L; p=0.01; [figure 1](#TSACO2016000037F1){ref-type="fig"}B).

![The proportion of patients with hypofibrinogenemia. (A) The percentage of each category of fibrinogen level on arrival in trauma patients with ISS ≥26 and transfused with red blood cell concentrates (RBC) ≥10 units (group A, n=56; group B, n=60; and group C, n=64). Fibrinogen concentration in plasma: black portions, \<1.0 g/L; hatched portions, 1.0--1.5 g/L; white portions, \>1.5 g/L. (B) The fibrinogen levels in patients before and after administration of fibrinogen concentrate in group B (hatched columns; n=30) and C (black columns; n=35). The data are presented as the mean and SD. Differences between groups B and C were evaluated using the unpaired t-test (\*p=0.01). ISS, Injury Severity Score.](tsaco-2016-000037f01){#TSACO2016000037F1}

We analyzed the 30-day survival curves in all patients and in patients with an ISS ≥26, excluding patients with cardiopulmonary arrest, in all three groups. A significantly better prognosis for survival in both analyses was observed in group C (n=536 in total and n=101 with an ISS ≥26) compared with group A (n=441 in total and n=75 with an ISS ≥26) (p\<0.05; [figure 2](#TSACO2016000037F2){ref-type="fig"}).

![The 30-day survival curves were analyzed in all patients (*left panel*) and in patients with an ISS ≥26 (*right panel*), excluding patients with cardiopulmonary arrest, in all three groups using Gehan-Breslow-Wilcoxon tests and the Kaplan-Meier method. Significant differences (\*p\<0.05) were detected in both analyses between group A (n=441 in total and 75 with an ISS ≥26) and group C (n=536 in total and 101 with an ISS ≥26). ISS, Injury Severity Score.](tsaco-2016-000037f02){#TSACO2016000037F2}

In patients with trauma with an ISS ≥26, the 48-hour mortality rate was significantly lower in group C (n=128; 8.6%) than in group A (n=105; 22.9%, p=0.005), as shown in the left panel in [figure 3](#TSACO2016000037F3){ref-type="fig"}. The cohort analyzed in this figure was different from that in [figure 2](#TSACO2016000037F2){ref-type="fig"}; in [figure 2](#TSACO2016000037F2){ref-type="fig"} patients with cardiopulmonary arrest were excluded. Moreover, the mortality rate of patients with an ISS ≥41 was also significantly lower in group C (n=25; 20%) than in group A (n=30; 50%) (p=0.02; right panel in [figure 3](#TSACO2016000037F3){ref-type="fig"}). Of the patients with an ISS ≥41 who survived, 42% in group B and 45% in group C received fibrinogen concentrate (data not shown). No thromboembolic events caused by treatment with fibrinogen concentrate were observed in this study (data not shown).

![Mortality of trauma patients with high severity. *Left panel*: The mortality within 48 hours of arrival at the hospital for patients with an ISS ≥26 in groups A to C (n=105 for group A; n=114 for group B; n=128 for group C). A significant difference was detected between group A and C (p=0.005) after evaluation by Pearson\'s χ^2^ test. *Right panel*: The overall mortality of patients with an ISS ≥41 in groups A to C (n=30 for group A; n=22 for group B; n=25 for group C). A significant difference was detected between group A and C (p=0.02) after evaluation by Pearson\'s χ^2^ test. White columns, group A; hatched columns, group B; black columns, group C. ISS, Injury Severity Score.](tsaco-2016-000037f03){#TSACO2016000037F3}

Discussion {#s4}
==========

The lethal triad of coagulopathy, acidosis, and hypothermia starts early after traumatic injury and is associated with increased mortality.[@R12] Trauma-induced coagulopathy is primarily diagnosed as hypofibrinogenemia, which is accelerated by acidosis and hypothermia.[@R13] [@R14] As demonstrated in [figure 1](#TSACO2016000037F1){ref-type="fig"}, ∼56% of the patients with trauma with an ISS ≥26 had hypofibrinogenemia, and a further 25% had critical hypofibrinogenemia. The average initial fibrinogen level of the patients on arrival in groups B and C who were treated with fibrinogen concentrate, was also \<1.5 g/L ([figure 1](#TSACO2016000037F1){ref-type="fig"}B). Critical hypofibrinogenemia leads to uncontrollable microvascular bleeding, including oozing at multiple injury sites, resulting in massive hemorrhage. This pathology results from the dilutional coagulopathy caused by fluid supplementation to maintain blood pressure, and also from fibrinogenolysis due to hyperfibrinolysis induced by tissue-type plasminogen activator released from injured endothelial cells.[@R15]

Importantly, the elevation of fibrinogen levels observed in patients after treatment with fibrinogen concentrate in group C was significantly higher than in group B ([figure 1](#TSACO2016000037F1){ref-type="fig"}B), suggesting that pre-emptive administration of fibrinogen concentrate can efficiently increase the fibrinogen level over the threshold for hemostasis. Rapid elevation of the fibrinogen level over 2.0 g/L makes complete hemostasis at injury sites possible, contributing to better survival outcomes for patients with trauma. Thus, fibrinogen is a key molecule in trauma-induced coagulopathy to be targeted for supplementation in transfusion therapy.[@R2] [@R13] [@R16]

As shown in [figures 2](#TSACO2016000037F2){ref-type="fig"} and [3](#TSACO2016000037F3){ref-type="fig"}, the prognosis for survival tended to improve with the use of fibrinogen concentrate (see and compare group A and B) even though the difference was not statistically significant. In group B, fibrinogen concentrate was given after measurement of patient\'s fibrinogen level. It usually takes longer than half an hour to receive laboratory confirmation of plasma fibrinogen levels, which is a critical period for patients with severe trauma. Presumably then, the administration of concentrated fibrinogen started around 2 hours after the onset of trauma in group B. In addition, the activation and consumption of fibrinogen progresses quickly during the first hour after trauma. Thus, some patients in group B may have lost a critical window for survival by waiting for the fibrinogen results. Evaluation of coagulopathy via rotational thromboelastometry has been recently published and could reduce the time needed for fibrinogen assessment and supplementation.[@R8] [@R17] Our study used immediate administration of fibrinogen concentrate on patient arrival to treat critical coagulopathy based on prehospital information, including high-severity injury and features of hemorrhagic shock, and an assessed need for massive transfusion. In patients with trauma with hypofibrinogenemia, early treatment with fibrinogen concentrate may control active bleeding and oozing at multiple injury sites.

Two cohort studies reported lower mortality rates for patients receiving high doses of fibrinogen during traumatic hemorrhage.[@R18] [@R19] A randomized controlled trial (RCT) of fibrinogen concentrate is now ongoing[@R20] and a small RCT of cryoprecipitate, another source of concentrated fibrinogen, showed that early fibrinogen supplementation was feasible in patients with trauma.[@R21] While hemostatic resuscitation offers advantages over previous strategies, it does not correct coagulopathy during the acute phase of trauma hemorrhage without a high total fibrinogen load.[@R22] We observed better survival rates for patients with trauma with an ISS ≥26 who received pre-emptive treatment with fibrinogen concentrate ([figures 2](#TSACO2016000037F2){ref-type="fig"} and [3](#TSACO2016000037F3){ref-type="fig"}), despite no significant reduction in transfusion volumes administered ([table 1](#TSACO2016000037TB1){ref-type="table"}). Notably, a better survival rate (ie, up to 80% survival) was achieved by pre-emptive administration of this agent in patients with trauma with an ISS ≥41, who generally show an extremely low survival rate ([figure 3](#TSACO2016000037F3){ref-type="fig"}). A limitation of this retrospective study is that we compared the cohort over the course of 3 years. Over such a period, the treatment of patients with trauma may have varied. However, in our institution, the management of patients with trauma, for example, damage control resuscitation, transfusion protocols, use of tranexamic acid, and surgical procedures, remained basically unchanged over the 3-year period. Primary hemostasis, accomplished by pre-emptive administration of fibrinogen concentrate, enables surgeons to perform early mobilization of patients for imaging diagnosis to detect bleeding sites, leading to definitive surgical fixation and hemostasis. Taken together, this time saving, aggressive supplementation with fibrinogen may contribute to improved outcomes and may prevent death due to massive hemorrhage, especially during the acute phase of trauma.
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